Background: Abdominally obese women can reduce their health risk through regular physical activity. There is, however, little evidence on the effectiveness of interventions that promote physical activity long-term, such as cycling and walking to and from work. Methods: This intervention focused on physically active commuting (cycling and walking) in middle-aged (30-60 years), abdominally obese (waist circumference X88 cm) women (n ¼ 120), recruited by newspaper advertisement. The intervention group was a moderate-intensity programme with physician meetings, physical activity prescriptions, group counselling and bicycles. The control group was a low-intensity group support programme with pedometers. We used a randomized, controlled, 2-armed design with 18 months duration and intention-to-treat analysis (data collection [2005][2006]. Treatment success was defined as bicycling X2 km/d (primary) or walking 10 000 steps per day (secondary). Results: At baseline, mean (s.d.) age was 48.2 years (7.4), waist circumference 103.8 cm (7.8), walking 8471 steps per day (2646), bicycling 0 km per day. Attrition at 18 months was 10% for the intervention group and 25% in the control group (P ¼ 0.03). The intervention group was more likely to achieve treatment success for cycling than controls: 38.7 vs 8.9% (odds ratio (OR) ¼ 7.8 (95% confidence interval ¼ 4.0 to 15.0, Po0.001)), but with no difference for compliance with the walking recommendation: 45.7 vs 39.3% (OR ¼ 1.2 (95% CI ¼ 0.7 to 2.0, P ¼ 0.50)). Commuting by car and public transport were reduced by 34% (Po0.01) and 37% (Po0.001), respectively, with no differences between groups. Both groups attained similar waist reductions (À2.1 and À2.6 cm, P ¼ 0.72). Conclusions: Abdominally obese women can increase PA long-term through moderate-intensity behavioural support aimed at changing commuting habits.
Introduction
Similar to the health hazards of obesity, a sedentary lifestyle is associated with chronic diseases such as cardiovascular disease, cancer and depression. 1 Increased physical activity (PA) can reduce some of the adverse health conditions associated with obesity, such as metabolic syndrome. [2] [3] [4] Physically active transport (that is, walking and cycling) is emerging as an alternative to increased leisure time PA, with robust reductions in cardiovascular risk for women. 5 Moreover, physically active transport has been associated with lower rates of obesity, 6 and cycling appears to provide greater cardiovascular stimulus than walking. 7 Indeed, at least two prospective cohort studies have found that cycling to and from work is associated with reduced all-cause mortality. 8, 9 Andersen et al. 8 found a 28% reduction of all-cause mortality in Danish men who regularly cycled to and from work. This analysis was adjusted for a number of potential confounders, including leisure time physical activity. Matthews et al. 9 in a similar multivariate-adjusted analysis, observed a 34% reduction of all-cause mortality in Shanghai women who cycled to and from work.
Controlled trials suggest that relatively low-intensive walking programmes using pedometers can be successful in the short term (o1 year). [10] [11] [12] [13] However, long-term (X1 year), rigorous evaluations of programmes aimed at promoting physical activity are still lacking. Indeed, recent systematic reviews have indicated the lack of studies evaluating interventions aimed at increased walking and cycling, for example to and from work. 14, 15 We therefore aimed to compare two different support programmes for increased physical activity through changed commuting habits. More specifically, we randomly allocated abdominally obese, middle-aged women to either a moderate-intensity support programme focusing primarily on cycling to and from work and secondly on walking to and from work (denoted Intervention group), or to a standard care low-intensity support programme focusing on walking to and from work (denoted Control group). We then compared cycling, walking and commuting habits between groups during 18 months with intention-to-treat analysis. The main rationale for comparing the new cycling-oriented programme with the already existing standard care walking programme, as opposed to using sedentary controls, was to allow a direct comparison of the effectiveness of the two different programmes.
Methods

Recruitment goal
The sample size calculation was based on 80% power at a 5% significance level (power index of 2.8) to detect difference between groups of 1 km/d in cycling, with a predicted s.d. of 1.5. This gave the following sample size formula (n/group): 2(2.8 Â 1.5/1) 2 ¼ 36 (rounded upwards). The study was powered for a 30% attrition rate, which was somewhat higher than expected. 16 We also assumed that 50% of the intervention group would not reach treatment success cutoffs. The total recruitment goal was therefore set to 120 (n ¼ 60 per group).
Eligibility criteria
We included healthy female volunteers with abdominal obesity (waist circumference 88-120 cm), who were 30 to 60 years old at inclusion, with no physician-identified contraindication for physical activity. Furthermore, the women needed to work at least 3 days per week away from home (self-reported), to be able to participate in the intervention (i.e., active commuting to work) on most working days.
Recruitment process
Participants were recruited from a single newspaper advertisement in January 2005 ('Are you a woman, overweight and unfit?') in a free of charge newspaper in Stockholm, Sweden ( Figure 1 ). We received 305 written replies of which five were either illegible or had incomplete information. The remaining 300 potential participants were sent a 15-item screening questionnaire by post of which 175 were returned. Those who were excluded for screening (n ¼ 36) failed to meet one or more of the inclusion criteria. The remaining 139 were scheduled for a screening visit including a 30 min interview with the study physician, and two members of the research staff, to assess any counter indication (including a resting ECG) for physical activity and the overall receptiveness for physical activity behaviour change (whether their expectations were consistent with the trial focus). After the screening visit, 15 out of the 139 were further excluded due to the following reasons: ECG abnormality (n ¼ 3), subjectively assessed (consensus between the physician, research nurse and the study PI) lack of motivation (n ¼ 6), physician suspected depression (n ¼ 1), severe arthritis (n ¼ 1), Baker's cyst (n ¼ 1), severe asthma (n ¼ 1), gynaecological problems (n ¼ 1) and not a resident in the Stockholm area (n ¼ 1). Thus 124 women were randomized of which three dropped out before the start of intervention (two were allocated to control, one to intervention), and one was further excluded from analysis due to previously overlooked low age (allocated to control).
One hundred and twenty participants were therefore included in the intention-to-treat analyses. There were no Physical activity in abdominally obese women E Hemmingsson et al significant differences between those 15 who were excluded compared with those who were randomized in terms of age, BMI, waist circumference or accumulated pedometer-measured steps per day. All participants provided written informed consent. The ethics committee for Stockholm, Sweden, approved the study protocol.
Randomization
To minimize the chance of bias from lack of balance between groups at baseline we used a stratified randomization approach. Age (high or low, median cutoff) and waist circumference (high or low, median cutoff) were used to create the four possible combination categories. We then created four tables, one for each strata, with random sequences of A:s (intervention) and B:s (control), generated by SAS version 9.1 (SAS Institute Inc., Cary, North Carolina, USA). Participants were categorized into their age/waist strata, and subsequently allocated by the PI (EH). All participants were blinded with regard to the intervention for the other group, although blinding success was not assessed.
Intervention
Principles of behaviour change for both groups were founded on the Transtheoretical model. 17 We specifically focused on three processes of change: (1) raising awareness (for example, increased understanding of the need for intervention, or the identification of day-to-day variations in activity), (2) countering (substituting an unhealthy behaviour for a healthy behaviour, for example, cycling as opposed to driving to and from work) and (3) helping relationships (support from family and friends, fellow outpatients and therapists, walking groups at work or encouragement from a spouse). The rationale for focusing on these specific change processes was founded on previous positive experiences during a walking intervention study in the severely obese.
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Control group (standard care) Standard care consisted of a low-intensity, pedometer-driven (Yamax digiwalker SW-200 pedometer; Yamax, Yamax Corporation, Tokyo, Japan) walking intervention with two 2-h group counselling sessions at baseline and 6 months ( Figure 2 ). There were 10 women in each group. After baseline, all participants were encouraged to gradually increase their daily amount of walking up to 5000 steps per day above their baseline level. We also encouraged other forms of exercise, if that was their preference (swimming, aerobics, gardening, etc). Pedometer interaction (that is, using it to count steps, to act as a motivator, to inform about how to reach individual targets, etc.) was encouraged.
Participants who recorded low levels of daily walking at baseline (for example, 3000-4000 steps per day) were encouraged to gradually increase their weekly walking averages in increments of 2000 steps per day (for example, increasing from a weekly average of 4000 to 6000 steps per day) and if feasible reach 10 000 steps per day towards the end of the follow-up. We also communicated the general recommendation to walk 10 000 steps per day, as a suitable goal for those walking less than 10 000 steps per day.
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Participants who were already walking 10 000 steps per day at baseline (n ¼ 21 in the intervention group and n ¼ 13 in the control group) were informed about the value of maintaining their walking habits and if possible add another 5000 steps per day. Walking recommendations were provided during the group counselling sessions. The group sessions emphasized the importance of building routines for physical activity in everyday life, primarily by changing the mode of transport to and from work (for example, using public transport instead of driving, walking instead of taking the bus, getting off at an earlier stop).
The instructions aimed to achieve a balance between meaningful behaviour change and increased risk of relapse and injuries. The women were encouraged to work out their own physical activity plan, and eventually become selfsufficient walkers. During the group sessions we promoted autonomy by reinforcing positive aspects, boosting selfefficacy and enhancing their incentive to be physically active (explaining health gains associated with increased physical activity). No specific time management skills were taught.
Intervention group (added care)
The intervention programme consisted of all aspects of standard care combined with a more intensive behavioural counselling package:
1 Three individual 30 min sessions with a physician experienced in behaviour change theory and practice at baseline, 6 and 12 months, including detailed physical activity prescriptions (specifically developed by Swedish authorities to promote physical activity within the national health care system, 'PaP, Physical activity on Prescription'). The prescriptions focused on increased cycling and walking, mainly between work and home. The physician meetings aimed at changing PA behaviour. For example enhancing motivation for physically active commuting, especially Physical activity in abdominally obese women E Hemmingsson et al bicycling, routine building, overcoming barriers, strengthening self-efficacy, relapse prevention and preventing injuries. 2 Two added 2 h group counselling sessions during the cycling season (at months 2 and 14).
3 A new ladies model bicycle (Crescent CTC 670, 2005 model, Varberg, Sweden) complete with 7 gears, basket, trip meter, foot brake and helmet (retail cost SEK 6000, approx $900) with free of charge bicycle service.
Data collection
The primary outcome variable was cycling (km/d), which was measured with a trip meter (Trelock FC 410, Munster, Germany) calibrated by the manufacturer and mounted on the bicycles used by the intervention group. Cycling in the control group was self-reported. Walking was measured in both the control and intervention group with the Yamax digiwalker SW-200 pedometer (Yamax; Yamax Corporation, Tokyo, Japan), previously validated. 19 Participants also self-reported their mode of transport to and from work each working day: cycling (yes/no), walking more than 1 km (yes/no), driving (yes/no) and using public transport (yes/no).
Cycling, walking and commuting modes were all reported each day in a diary for seven consecutive days. The activity diaries were filled in every other month throughout the study, totalling 10 observations (comprising 70 days) for each participant. Diaries were reviewed and issues clarified during group sessions. Only diaries with at least 4 days of physical activity recording per week were included in the analyses. Each participant was also required to hand in at least three approved logs during the intervention (all participants did so except dropouts). From a maximum of 600 weekly logs (provided there would be no drop out) in the intervention group, 489 (81.5%) were approved compared with 452 (75.3%) in the control group.
We collected anthropometrical data at baseline and at follow-up after 6 and 18 months. Waist circumference was measured by the research nurse at the point midway between the iliac crest and the lower rib (exhaled) with a standard measuring tape. Sagittal abdominal diameter was measured as the distance between the highest point of the abdomen and the non-flexible surface the subject was lying on. Height was measured by a wall-mounted stadiometer (no shoes) and weight was measured by the Tanita BC-418 (Tanita Corporation, Tokyo, Japan). All aspects of data collection and treatment were set in an obesity outpatient unit in a university hospital (Stockholm, Sweden), 
Statistics
We hypothesized that cycling treatment success would be more common in the intervention group than the control group, whereas no such difference would be found for walking. The study was neither intended nor powered to evaluate the effect of the intervention on anthropometry. Furthermore, multiple comparisons increase the risk of type 1 error. Therefore, we only present data on anthropometry using within-group mean changes and 95% confidence intervals, using paired sample's t-test.
In our intention-to-treat analysis, participants were categorized bimonthly for compliance with physical activity recommendations (cycling X2 km/d and walking X10 000 steps per day). We also tested other cutoffs (cycling X4 km/d and walking X3000 steps per day above baseline) to ensure that our primary cutoffs did not bias our findings. In the analysis of mode of transport (cycling, walking, driving and public transport) we categorized usage by a cutoff of one or more occasions per week. We also tested five or more occasions per week as cutoff in a sensitivity analysis. We classified missing data as treatment failure, and imputed baseline data.
Odds ratios for differences between groups were calculated using generalized estimating equations. To test for potential bias as a result of uneven status balance at baseline, we tested a number of covariates in the model (age, waist circumference, BMI, steps per day), without any discernible differences in results. This makes it unlikely that our findings were biased due to failure with randomization. Differences in baseline status between completers (n ¼ 99) and drop outs (n ¼ 21), and randomized but excluded (n ¼ 15) and randomized and included (n ¼ 124), were compared using independent samples t-test. The distribution for cycling (km/d) was skewed (positive). We therefore described cycling using median values. All data were analyzed with the Statistics Package for Social Sciences (SPSS, version 15.0 for WIN-DOWS; SPSS Inc., Chicago, IL, USA).
Results
Baseline characteristics are shown in Table 1 . None of the participants reported any cycling at baseline (measured during winter). In all, 11.7% of participants walked less than 5000 steps per day at baseline, 25.0% walked between 5000 and 7499 steps per day, 35.0% walked between 7500 and 9999 steps per day and 28.3% walked 10 000 steps per day or more. 2.5% of participants were classified as normal weight (BMI 18.5-24.9 kg/m 2 ), 42.5% as overweight (BMI ). The average self-reported distance to work was 13.2 km (s.d. 11.2, range 0.4-70 km), and average working days per week were 4.8 (s.d. 0.6, range 2.5-6). At baseline, public transport was the most common commuting mode with 80.0% use, 38.3% used the car, 23.3% walked at least 1 km and 0% cycled (sums 4100% because combinations occurred).
The drop out rate was 15/60 (25%) in the control group compared with 6/60 (10%) in the intervention group (P ¼ 0.03, see Figure 1 ). There were no differences in age, BMI, waist circumference, walking or cycling at baseline between drop outs and completers. Figure 3a and b shows the amount of cycling (km/d) and walking (steps per day) through the 18 months, using baseline carried forward for missing data (n ¼ 120). In the control group, median cycling levels were zero at all time points, regardless of using baseline carried forward data or completers only data. In the intervention group, cycling levels increased between baseline and 2 months and then fluctuated with the season. The highest mean recorded cycling distance during 7 days was 36.7 km/d.
Walking increased in both groups over time (Po0.001), with no difference between groups (P ¼ 0.10). The intervention group recorded 8692 steps per day at baseline and 10 129 steps per day at 18 months (using baseline carried forward). The corresponding values were 8249 steps per day at baseline and 9086 steps per day at follow up in the control group. Using completers only data the 18-month averages were 10 568 steps per day in the intervention group and 10 050 steps per day in the control group.
In our main analysis ( Figure 4a ) the proportion of participants in each group above the cutoff for cycling treatment success (X2 km/d) was 38.7% in the intervention group and 8.9% in the control group (odds ratio ¼ 7.8 (95% CI: 4.0 to 15.0, Po0.001)). Using a 4 km/d cutoff the percentages decreased to 24.8 and 4.6% in the intervention and the control groups, respectively, and remained statistically significant (Po0.001). There was no difference between groups for achieving the secondary outcome of walking 10 000 steps per day: 45.7% in the intervention group and 39.3% in the control group (odds ratio ¼ 1.2 (95% CI: 0.7 to 2.0, P ¼ 0.50)), see Figure 4b . The intervention group was more likely to comply with at least one of the treatment goals (either cycling X2 km/d or walking 10 000 steps per day) than the control group: 60.8 vs 41.8% (odds ratio ¼ 2.2 (95% CI: 1.3 to 3.8, P ¼ 0.003)).
In terms of commuting modes, the mean proportion of participants using the bicycle at least once per week during months 2-18 was 29.4% in the intervention group, compared with 8.0% in the control group, see Figure 4c (Po0.001). There was no difference between groups for commuting by walking during the same time period: 40.4% in the intervention group and 47.4% in the control group, see Figure 4d (P40.05).
During months 2-18, the mean proportion of commuting by car was 25.2% in the intervention group and 28.9% in the control group (P40.05). Commuting by public transport were 55.5% in both groups during the same time period (P40.05). In a whole-sample post hoc analysis there was a 34.1% decrease in mean number of commuting journeys by car per participant (Po0.01), and a 37.1% reduction in number of commuting journeys by public transport (Po0.001).
Both groups achieved similar reductions in waist circumference and sagittal abdominal diameter after 6 months, which were maintained at 18 months, whereas body weight did not change (Table 2 ).
Discussion
Our main finding was the positive treatment effect of added support in the intervention group, indicated by a higher Physical activity in abdominally obese women E Hemmingsson et al proportion of women who reached the target for cycling (38.7 vs 8.9%), and also a higher proportion who complied with at least one of the treatment goals (60.8 vs 41.8%).
Commuting by bicycle became more common in the intervention group than the control group, suggesting that the intervention did indeed influence bicycling commuting habits. Moreover, we observed similar increases in walking commuting between groups. Active commuting by bicycle does not, therefore, appear to occur at the expense of walking in women. In contrast, commuting by car and public transport decreased in both groups as commuting by bicycle and walking increased. Although cycling levels were lower during the second summer period than the first, walking levels remained stable after the initial increase. This suggests that active commuting by walking may be an effective long-term strategy for Table 2 Mean (95% confidence intervals) changes in anthropometry after 6 and 18 months using baseline carried forward (n ¼ 120) Although cycling levels varied with the season to a much greater extent than walking, our data support that cycling can be successfully added to a standard care walking programme, even in abdominally obese women, many whom had not cycled since childhood, in a climate with subzero winter temperatures. Indeed the mean temperature during the winter period (January to March) was À3.0 1C (data from the Swedish Meteorological and Hydrological Institute).
Further positive aspects of cycling are that this behaviour is well integrated in many societies, particularly in Europe but less so in the United States, Canada and Australia, 6 as a cheap, non-polluting mode of transport, 21, 22 and that the average per minute energy expenditure is approximately two times as high during bicycling than walking. 23 The generally higher intensity of cycling means that the effect on cardiorespiratory fitness, an independent protective factor for mortality, 24 may be greater than for walking. 7 However, the overall benefits of cycling need to be balanced against the observation that injuries are more common than for walking and more serious when they occur. We did not, however, observe any report of serious bicycle-related injuries. 25 Furthermore, walking may confer specific health effects that cycling will not, for example bone mineralization. Both groups reduced their waist circumference similarly between baseline and 18 months. Unless the control group was significantly more active during leisure time than the intervention group (not indicated by our pedometer data), we can only speculate that the intervention group compensated their increased energy expenditure through their elevated cycling levels by increased energy intake. This study was designed with an active control group for two reasons: Firstly, we wanted to test whether the new added intervention programme was more effective than the currently used walking programme at our clinic, 11 and elsewhere. 10, 12, 13 Secondly, from an ethical viewpoint it was difficult to justify a sedentary control group for 18 months, especially when there was a safe and available standard care option. 26 The lack of difference between groups for anthropometry was therefore expected.
The following limitations exist. The measurement of cycling distance differed between groups: trip meters for the intervention group and self-report in the control group. However, since self-reported physical activity is frequently over-reported by obese individuals, 27 we could speculate that the use of self-report data for cycling in the control group did not inflate group differences. Trip meters are susceptible to bias from changes in tyre air pressure and body weight variation, which have been found to result in deviations of about 5% (personal communication with the trip meter manufacturers).
Some of the women were already walking at least 10 000 steps per day at baseline, that is, they were already physically active. The reason we did not exclude these women was that we specifically wanted to promote bicycling (none of the women reported any regular bicycling at baseline), even in those who were already walking 10 000 steps per day. Indeed, in whole-sample post hoc analysis, there was no association between baseline walking and change in cycling (r ¼ 0.15, P ¼ 0.10). We did, however, observe an expected inverse association between baseline walking and change in walking (r ¼ À0.50, Po0.001), indicating that those who accumulated fewer steps at baseline increased the most during follow-up. Moreover, there was no linear or curve linear association between commuting distance to and from work and mean changes in cycling (P ¼ 0.51) or walking (P ¼ 0.32), suggesting that even those with very short or long commutes also benefited from the programme.
Our a priori target for cycling (2 km/d) was arbitrary. However, as described previously, the aim of the intervention was to gradually become accustomed to cycling, and to accommodate small, but regular cycling routines. We felt that a higher goal could have had a discouraging effect. Furthermore, post hoc sensitivity analyses using a higher treatment goal for cycling (4 km/d) did not materially change our results. Indeed, the relative difference between groups was more pronounced using this higher goal, suggesting that the a priori goal did not favour a positive outcome. It is also important to note that cycling, unlike walking, did not occur daily, which reduced the mean daily amount of cycling. If an average woman in our study bicycled for 2 km/d over a year the total energy cost is approximately 23 000 kcal, which theoretically equates to about 3 kg of fat mass.
Our study corroborates previous short-term walking intervention studies, [10] [11] [12] [13] suggesting that relatively low-cost programmes produce meaningful increases in walking. The focus on cycling, however, in addition to a walking programme is new, and suggests that with additional support, it is possible to further increase daily PA. The added effect on PA levels, however, needs to be evaluated against the higher cost of more intensive support, including the cost for the bicycle, added group meetings and physician consultations. We did not, however, feel that there were any components of the intervention programme that did not contribute to the positive effect on cycling. We could only identify one other randomized trial in the literature aimed at increasing either walking or cycling of least 12 months duration. Fogelholm et al. 28 compared walking levels in women who first underwent a weight loss programme, and thereafter randomized to control or a walking support programme. That study found short-term differences in PA behaviour between those receiving a walking programme and controls, but no differences between groups at long-term follow-up. Further long-term trials are therefore urgently needed. Future studies also need to directly compare the long-term effectiveness of physically active commuting and leisure Physical activity in abdominally obese women E Hemmingsson et al time interventions. We did not discourage PA during leisure time. It is therefore reasonable to speculate that leisure time PA did indeed increase. However, because we observed reductions in motorized transportation, that mirrored the changes in cycling and walking, we speculate that most of the increased PA did indeed occur through altered commuting habits.
In conclusion, our results suggest that physical activity can be increased in abdominally obese, middle-aged women through behavioural support for changed commuting habits.
